Abstract. In a small alluvial floodplain depression (21 ha) of the river Dijle, a selection of 56 characteristic, mainly groundwater-depending plant species was mapped using a regular 20 by 20 m square cell mapping grid. In order to understand the spatial distribution of the plant species and their vegetation types, several environmental variables, including groundwater regime, groundwater chemistry, soil texture, soil chemical composition and management type were measured in detail.
Introduction
In the lowland of western Europe, most wetland ecosystems have been partially or completely reclaimed, even as early as in medieval times (Baldock 1990 ). The main driving forces were the need for an increased area of hay meadows and to exploit peat reserves for fuel. Alluvial river valleys were of particular interest for agriculture because of the regular flooding and thus natural and recurring fertilization. Due to increasing mechanization and the appearance of inorganic fertilizers, flooding was no longer beneficial. Rivers were canalized and embanked, and drainage systems were enlarged causing severe degradation of alluvial river ecosystems and disappearance of related vegetation types (Petts & Amoros 1996; Gilbert & Anderson 1998) .
Recent ecohydrological research efforts were mainly focused on nutrient poor and extremely species rich ecosystems often with a complex hydrochemical Nature and Landscape Research, 102 Vital De Costerstraat, B-3000 Leuven, Belgium; * Corresponding author; Fax +3225581805; E-mail piet.de.becker@instnat.be situation such as Parvocaricetea (Wheeler 1980b; Wassen et al. 1989; van Wirdum 1990; Wolejko et al. 1994; van Diggelen et al. 1996) . Alluvial river valleys with rich-fen habitat are more eutrophic and harbour less threatened species, and therefore they are less studied. However, in some regions these river systems still contain a complete hydrosere and have a high priority in European nature conservation because of a high biological diversity (Naiman et al. 1989; Wheeler et al. 1995; Anon. 1992) . Such rich-fen systems consist of a mixture of alder carr, reed beds, sedge swamps, tall-herb fens and fen meadows. In the lowland of Western Europe a large number of river valleys have corresponding features with these rich-fen systems, although due to the above-mentioned human activities they usually are biologically degraded (Wheeler 1980a; Gore 1983; Grootjans et al. 1987 ). Yet, even here these rivers and floodplain habitats can include refugia from pre-industrial disturbances and are routes for species dispersal (Petts & Amoros 1996) . Today, in the context of a new and integrated water management including reducing excess sediment transport and flood control, the importance of these river valleys for alluvial river ecosystem restoration is increasing rapidly (Hey & Philippi 1995; Gilbert & Anderson 1998) .
The key environmental variables of these ecosystems are often poorly understood, although they are of primary importance for assessing the feasibility of ecosystem restoration (Hobbs & Norton 1996) .
In this study we aimed at a qualitative and quantitative understanding of the environmental variables explaining the marked spatial plant species distribution in and around an alluvial backswamp (sensu Brown 1996) or floodplain mire (sensu Goode 1977) environment. Since the exclusion of parts of the environmental gradient may strongly affect the results, an entire floodplain depression is investigated here, rather than the usual limited selection of sample plots (Grootjans 1985; Wassen 1996) .
Material and Methods

Study area
The selected study site is situated in the central part of Belgium, 8 km south of Leuven, in the middle course of the river Dijle (Fig. 1) . It is part of the nature reserve 'de Doode Bemde', jointly managed by two private nature conservation organizations.
During the past glaciation periods (which ended ca. 10000 years ago), the river has cut itself deep into the surrounding plateau forming a valley of ca. 40 m deep and one km wide. Since then, the river basin became entirely forested. The valley itself was mainly covered with alder carr interspersed with open rich fen vegetation. The river regime is thought to have been fairly steady in the course of the year (Vandenberghe & De Smedt 1979) . River discharge was mainly determined by groundwater flow. Due to large-scale deforestation and human settling in the catchment, the original hydrological regime of the river changed dramatically, as was the case in most neighbouring catchment areas (Huybrechts & Verbruggen 1994) . River discharge was increasingly influenced by surface runoff, transporting large quantities of eroded sediments, here mainly silt. The gradual deposition of alluvial sediments resulted in a typical microtopography with elevated natural levees and alluvial floodplain depressions. In the latter parts, organic material accumulated causing the development of a mire system (Brown 1996) .
During the medieval reclamation of the valley, ditches were dug to drain the floodplain, damaging and often completely destroying most of this groundwater-dependent floodplain mire ecosystem.
The study site, an isolated alluvial floodplain depression, escaped these thorough early medieval drainage works. This depression is bordered by the river Dijle in the west, the Molenbeek, a tributary of the Dijle, in the north and the valley slope (with a number of permanent springs) in the east (Fig. 2) . The eastern part of the study area is isolated from the rest by a north-south oriented railroad dike constructed in the beginning of this century. This part has less groundwater fluctuation due to stagnating spring water. In the south, a small part of a neighbouring floodplain depression with well-preserved fen meadows was included.
According to historical maps from the 18th century (de Ferraris 1771), the study site was completely covered with moist and wet fen meadows. All of this, except 6 ha, was abandoned from agriculture 40 to 20 yr ago. It gradually developed into different types of tall herb fens. Unlike most of the adjacent floodplain depressions, winter inundation still occurs on a yearly basis in the deepest parts of this depression. This is caused by a rise in the phreatic water table during the winter half year, following the drastic decline in evapotranspiration rather than the notably less frequent flooding with river water.
Mapping of plant species
From the beginning of June till the end of August 1993 and during spring 1994 plant species were mapped in the study area of 21.08 ha subdivided in 527 regular and adjacent 20 by 20 m square cells.
In ecohydrological studies with a comparable mapping design used in The Netherlands, Belgium and Poland, grid cell dimensions ranged for 10m ×10m (Grootjans 1985) , over 40m ×40m (De Becker & Huybrechts 1997) up to 50m ×50 m (Wassen 1996) .
The mapping of the plant species was restricted to a selection of only 56 plant species (see Table 1 ) and cover was estimated using a ranked dominance index in four consecutive categories of 25%. Apart from 45 species growing under the influence of groundwater, the so-called 'phreatophytes' (Londo 1988) , the list was completed with a number of differential species for the vegetation types known to appear in the area. 
Environmental variables
Groundwater regime
The entire valley is largely influenced by groundwater seepage, originating from an extensive Eocene sandy (semi-)phreatic aquifer (Formation of Brussels) (Fig. 2) . The aquifer is slightly tilting (1%) towards the north (Denis 1992) and has a relatively high saturated conductivity of 17 m/day (Loy & De Smedt 1978) . The aquifer is bounded below by a thick Eocene clay aquitard (Formation of Ieper). Groundwater discharge is estimated to be as high as 2-3 mm/day (Batelaan & De Smedt 1994) .
In 1989 a network of 25 piëzometers was installed with filter depths of 40 cm below the reduction horizon. For an exact interpretation of the piëzometer measurements, the topography of the study area was measured in detail ( Fig. 3) .
Groundwater levels were measured every fortnight between 1/1/1991 and 31/12/1994 (Fig. 3) . The importance of groundwater regime variables for the distribution of species in fen and fen meadow systems is widely recognized (Niemann 1973; Eggelsmann 1982; Noest 1994; Wierda et al. 1997) . In this study the following (and most commonly used) dynamic groundwater variables were used: 
Groundwater chemistry
In order to obtain reliable data on the chemical composition of the groundwater, a sampling method was elaborated based on findings of several authors (Glasstone 1969; Stumm & Morgan 1981; Stuyfzand 1983; Appelo 1988; Ben Jemaa & Marino 1991; Huybrechts & De Becker 1997) .
One day before sampling all piëzometers were emptied in order to let them refill with fresh groundwater. Early September 1993, all 25 piëzometers were sampled. EC 25 and pH were measured immediately in the field, using portable instruments (Micro Checkit Lovibond). The sample was subdivided into two polyethylene recipients filled to the rim. One subsample (50ml) was hyperfiltrated (pore width = 0.35 µ) and brought to a pH level of 2 with 50µ HNO 3 (99.9%, pro analyse) for analysing cations (Na + , K + , Ca 2+ , Mg 2+ , NH 4 + and Fe tot ), the other subsample (40 ml) was used for analysing anions (HCO 3 -, SO 4 2-, Cl -, H 2 PO 4 -, NO 3 -). The analysis started within hours after sampling to minimize possible reactions in the sample recipients. Na + , K + , Ca 2+ , Mg 2+ and Fe tot were analysed using plasma emission spectroscopy, NH 4 + , NO 3 , H 2 PO 4 -, Cl -and SO 4 2-using atomic absorption (SKALAR continuous flow). HCO 3 -was analysed titrimetrically (with 0.01 N HCl till pH 4.2).
Data reliability was checked using the electroneutrality test. An ion balance error exceeding 10% led to sample rejection (Lloyd & Heathcote 1985) .
Soil type and management type
Soil type and management activities are liable to influence the plant species distribution (cf. Wheeler 1980a, c; Gryseels 1989a, b) . A detailed soil texture map was made in the autumn of 1993 based on 60 drillings to a depth of 1 m, evenly distributed over the study area. Soil samples for chemical analysis were taken at a depth of 0.05 to 0.15 m and analysed for pH (H20) , pH (KCl) , electrical conductivity, SO 4 2-, Na + , K + , Ca 2+ , Mg 2+ , Kjeldahl-N and organic matter content (obtained using thermal destruction of the soil sample at 600°C in a muffle furnace and expressed as a percentage, '% Org'). For each individual grid cell, the management regime was assessed from three possible categories (Fig. 4): • Yearly mowing in early summer, eventually followed by grazing or mowing of the aftermath; • Cyclic mowing (once every 5 to 10 years) or not mown at all since at least 5, and up to 10 years; • No management for at least 10 years.
Data processing
The vegetation types were derived using TWINSPAN (Two-way Indicator Species Analysis) with five cut levels (1.1, 2.1, 3.1, 4.1, 5.1), in accordance with the species cover scale (Hill 1979) .
The possible occurrence of chemically different groundwater types was checked using cluster analysis (average linkage and cosine similarity index) on the original piëzometer sampling results. The difference between the clusters was tested with a Wilcoxon-MannWhitney test (Wilkinson & Leland 1988) .
In order to compare the distribution of the plant species and vegetation types with the environmental variables, one value per grid cell of each variable must be obtained. For each environmental variable a semivariogram is calculated using the GEO-EAS software (Englund & Sparks 1991) . All variables showed a linear model. Using kriging, the most suitable geostatistical interpolation method for groundwater observations (Isaaks & Srivastava 1989; Droesen & Olsthoorn 1991) , a value was calculated for all variables and for each grid cell using Surfer (Keckler 1995) . These interpolated values of environmental variables and management type were used for further analysis.
Detrended Correspondence and Detrended Canonical Correspondence Analysis (DCA & DCCA) (ter Braak 1988) were used for studying the explanatory value of the selected environmental variables for the mapped plant species and vegetation types. Both ordinations where compared using the Spearman (rank-order) correlation coefficient (Siegel & Castellan 1988) .
In order to detect possible interrelationship between the most important sets of environmental variables (i.e. groundwater regime and management type), a KruskallWallis test (Siegel & Castellan 1988) was applied. The relation of individual species (and vegetation types) with management type was studied using the χ 2 -test, and the relation with the groundwater regime variables using the point-biserial correlation coefficient (Kent & Coker 1995) .
Results
Plant species zonation and vegetation belts
Seven vegetation types were distinguished (Table  1) . Their spatial distribution in the study area and their hierarchical structure is presented in Fig. 5 . Most species tend to occur in specific parts of the floodplain as suggested by Fig. 6 . Similarly, the vegetation types show a clear pattern of vegetation belts. On the natural levees damp Arrhenatheretum elatioris grasslands thrive, with Arrhenatherum elatius (see Fig. 6a ) and Trifolium dubium as differential species. In the transition zone towards the floodplain depression, this vegetation type is gradually replaced by a fen meadow (Calthion palustris). This community is differentiated by Caltha palustris (see Fig. 6b (Fig. 6c) ; its dominance increases towards the centre of the floodplain depression. This vegetation type is strongly related the Magnocaricion but is completely invaded and dominated by Phragmites australis. Oberdorfer (1977) classified this type of vegetation as Phragmitetum communis. Rodwell (1995) also found a similar vegetation type and classified it as Phragmites australis-Peucedanum palustre tall-herb fen. Near the eastern valley side, a broad belt of reed beds occurs, here referred to as Phragmitetea vegetation. Apart from Phragmites australis it contains Berula erecta (see Fig. 6d ), Mentha aquatica, Rumex hydrolapathum and Calamagrostis canescens. Where management has been abandoned decades ago, a mesotrophic alder carr (Carici elongatae-Alnetum glutinosae) has developed. It is characterized by Carex elongata (see Fig. 6e ).
Groundwater chemistry and soil variables
Although there is some spatial variation in the chemical composition (cf. Table 2), the Wilcoxon-MannWhitney test showed no significant difference for the groups derived from the cluster analysis. Only the composition of the spring water at the eastern valley slope, for reasons that are not yet understood, did differ significantly but was not included in the ongoing analysis. In other words, the groundwater in the study area can be considered to belong to one, relatively uniform and lithotrophic waterbody (see van Wirdum 1990) .
Soil texture consists mainly of silt and is uniformly distributed over the area. Apart from the organic matter content, all other soil variables showed little variation. Therefore it was the sole soil variable taken into account for further data analysis. Soil organic matter content (Fig.  7) ranges between 2.4 and as much as 71.0 % (µ = 21.8 %; σ = 15.8). 13 ha (on a total of 21 ha) of the study site has peat soils (histosols), with an organic matter content higher then 12 % (Brady 1990 ). This is the real floodplain mire, situated in the floodplain depression, surrounded by the carbon-poor soils (<12% org) of the natural levees and the valley slope.
Management type and groundwater regime as driving forces
The Spearman correlation coefficients (r s ) for the species scores on the DCA (λ 1 = 0.69, λ 2 = 0.40) axes and DCCA (l1 = 0.53; l2 = 0.31) axes equals 0.988 and -0.862 for the axes 1 and 2 respectively. This is revealing a highly significant (α > 0.00001) and strong association between the results of the two analyses. Or, the environmental variables included in the DCCA are responsible for the specific spatial distribution of the plant species in this study site.
The two first ordination axes are strongly correlated with management type, groundwater regime and to a lesser extent to organic matter content of the soil and the chemical composition of the groundwater (in order of importance: SO 4 2-, and almost parallel but opposite: Mg 2+ , HCO 3 -) (Table 3) . On the one hand there is a clear sorting of species along a 'management gradient' (Fig. 8) . Typical grassland species are found in the bottom right part of the figure while tall herb species are situated in the upper left corner of the diagram. Yearly mowing includes removal of the litter (hay) favouring light-demanding and smaller species (cf. Grime 1979) . The 'yearly mowing' part of the gradient mainly contains grassland species that are distributed throughout the study area with the exception of the easternmost part.
On the other hand there is an equally clear sorting of species along a 'gradient of groundwater dynamics', with a-phreatophytes (Londo 1988) in the upper right and obligate phreatophytes at the bottom left side of the diagram. The latter group occurs on soil with a high amount of organic matter, indicated by % Org in Fig.  7 . Indeed, the areas with a small groundwater table fluctuation and a water table close to the soil surface are located in the deepest parts of the floodplain depression and in the eastern part of the study area which is influenced by spring water stagnation. These are evidently the areas where accumulation of organic material occurs. Gradients in groundwater concentrations of magnesium, sulphate and bicarbonate are less obvious but nevertheless affect the sorting of the plant species in the DCCA-diagram. This groundwater composition gradient, however, lies parallel to the groundwater regime gradient. Therefore the separate effect is difficult to distinguish. The groundwater in the surroundings of the springs on the eastern valley slope is relatively rich in sulphate (µ =121.5ppm; σ =34.7), compared with the groundwater in the floodplain depression (µ = 47 ppm; σ = 25.9). Because of the big difference in concentrations, these measurements were not included in the data analysis. The observed concentrations of SO 4 2-in the groundwater are well within the range of the natural background concentration of the neighbouring aquifer water and have a natural, geochemical cause (De Cooman &Vandormael 1995) . Since groundwater amplitude decreases and sulphate concentration increases with the growing influence of the spring water (in the direction of the eastern valley slope), the effect of both variables is parallel but opposite.
The explaining value of other variables, such as minimum depth below surface, and hydrochemical variables such as Ca 2+ , Mg 2+ , and HCO 3 -are negligible. Since the ordination clearly shows that management type and groundwater regime are the two main environmental variables sets explaining the botanical variation in this floodplain mire, the relation between these variables and the individual species and vegetation types has been studied in detail (Table 4 and Fig.  9a, b) . The Kruskal-Wallis test indicates that the two most important groundwater regime variables, amplitude (KW = 88.3, α < 0.0001) and maximum depth below surface (KW = 82.3, α < 0.0001) have values that are equally and evenly distributed in all three management types. In other words: a certain management type is not restricted to areas with a certain groundwater regime. The sequence where plant species would be found when starting off from the natural levee towards the centre of the floodplain depression, would be the same as the selection of plant species in Fig. 9a . Here, the selected species were sorted with respect to a decreasing median for the maximum depth of the groundwater.
The relation between individual species (vegetation types) and management types is shown in Table 4 . Apart from Achillea ptarmica, Equisetum palustre, Menyanthes trifoliata, Phalaris arundinacea and Scutellaria galericulata, all mapped species and vegetation types have a management dependency. Out of the 56 plant species, 14 are indifferent with respect to yearly or cyclic mowing. These are all species that are characteristic oftall herb fen of alder carr. 34 species are indifferent to yearly or cyclic mowing. These are typical meadow species (requiring regular mowing) or herbage species that are resistant to massive piling up of organic debris. Note that Filipendula ulmaria, a typical species of tall herb fen, does react to cyclic mowing. Table 4 . χ 2 -test for dependence of species and vegetation types on management types. Confidence levels for acceptance for management dependence (df= 2) and between two management types (df = 1); P = 0.05 (+); P =0.01 ( ++); P =0.005 (+++); P = 0.0001 (++++); * = combination not possible. Fig. 9 . Boxes and whisker plots for plant species (a) and vegetation types (b) with a significant point-biserial correlation coefficient (* = P <0.01; ** = P <0.005; *** = P <0.0005) with respect to the maximum depth of the groundwater (in m below surface). The order of plant species and vegetation types, respectively, is based on an increasing median value for the considered variable.
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Obviously, the association Arrhenatheretum elatius and the alliance Calthion palustris depend on yearly mowing, the Carici elongatae-Alnetum glutinosae grows only under conditions of no management, but in the herbage types there is a clear affinity to cyclic mowing for the alliances Filipendulion, Magnocaricion and Magnocaricion and for the species Phragmites australis. The Phragmitetalia vegetation is an exception; it predominantly occurs on null management sites in this area, so comparisons for this type are not really possible.
Discussion
In this study data were gathered using a detailed sampling grid covering an entire floodplain mire system including the surrounding natural levees and valley slope. This is unlike comparable studies (e.g. Grootjans 1985; Wassen 1996) where the presumed ecological gradient is covered only partially. Even with a limited selection from the plant 284 species encountered in this study area it turns out to be possible to obtain a clear picture of the floristic variation and its spatial distribution in this type of ecosystem. The most particular feature, causing the gradient from rich to poorer environments in this alluvial floodplain, is the microtopography with the natural levees and depressions. This topography is responsible for a marked variation in groundwater regime variables, even when the distances are limited to a few hundred metres.
The fen meadow, located between the natural levee and the floodplain depression, has by far the highest species richness; a total number of 104 out of the 284 species were recorded. Dereliction of grassland (lack of regular mowing and accumulation of a layer of organic litter) readily results in an evolution towards Filipendulion, Magnocaricion or Phragmitetalia communities depending on the particular location in the floodplain, with respect to the topography, and thus groundwater regime. This was also suggested by Wheeler (1980c) , Gryseels & Hermy (1982) and Cowie et al. (1992) . Both the Arrhenatheretum elatioris grassland and the driest parts of the fen meadows gradually evolve into Filipendulion tall herb fen on the natural levees and the fringes of the floodplain depression, as can be seen in the northwestern part of the study area (Fig. 5) . In adjacent areas, this type of tall-herb fen slowly evolves towards Alno-Padion forest.
The wettest parts of the fen meadows evolve into tall sedge (Magnocaricion) communities (see the centre of the northern part in Fig. 5 ). At the northern fringe of the Magnocaricion vegetation that, after several decades of abondenment, developed spontaneously, a wet fen meadow was restored recently by yearly mowing. Without management, this tall sedge community (including the variant invaded by Phragmites australis) is a temporal vegetation type in a further succession towards the mesotrophic alder carr (Carici elongataeAlnetum glutinosae). However, this tall herb phase can be rather persistent. Indeed, when comparing historical maps and aerial photographs of the study site, it becomes clear that the vegetation structure remained unchanged for about half a century (De Becker unpubl.) . The damper the habitat, the faster the colonization with woody species tends to happen. This is clearly suggested by the close relation between the occurrence of alder carr and the Magnocaricion with Phragmites australis communities and the maximal (summer) depth of the phreatic groundwater (Fig. 9b) . They both occur on comparable places with respect to the maximum depth of the groundwater level, but the alder carr development started first in the deepest parts of the floodplain depression. A comparable picture is seen for groundwater amplitude.
The reason why the management type is so important for the survival of a number of plant species is quite obvious. This type of (silty) alluvial river system is fairly productive. Meadows that are mown twice a year without applying any fertilizer, even for about two decades, have a dry matter production as high as 2 to 4 tonnes per hectare (unpublished results). That corresponds with the optimal range for species-rich grassland vegetation. Depletion of nutrients, often resulting in a dramatic decline in species numbers (Korevaar 1986; Berendse et al. 1992; Vanallemeersch & Zwaenepoel 1996) , does not occur on these silty soils, at least not in the time span of the past 20 yr. The tall-herb fens on the other hand, consist mainly of competitive species such as Filipendula ulmaria, Phragmites australis, Urtica dioica and Cirsium oleraceum. These are all species that leave very little space to a number of frail, less competitive species such as Saxifraga granulata, Rhinanthus angustifolius, Lychnis flos-cuculi, Dactylorhiza majalis and Ranunculus flammula (Grime 1979; Pegtel 1987; Gryseels 1989a) .
Regular removal of organic litter is a necessity in order to maintain a plant species rich environment, especially when regular flooding is involved (Verlinden et al. 1990 ). In the DCCA-diagram (Fig. 8 ) a clear distinction can be seen between plant species related to regular mowing (grassland species, roughly situated in the down right quadrant) and the species related to cyclic mowing (herbage species, roughly situated in the top left quadrants). If maintaining a high level of plant species richness is a goal in nature conservation, some form of management with removal of organic litter will remain necessary.
The vegetation zonation, as can be observed in the Doode Bemde, seems to be characteristic of floodplain mires in the central part of Belgium and the northwest of France. This is mainly due to the similar silty sediment composition and phytogeographical similarities. Several river catchments with comparable dimensions and geomorphological characteristics neighbouring the study area show at least fragments of this characteristic vegetation zoning. Thus, it can be considered as a reference area for ecohydrological research supporting an imminent restoration program of several floodplain depressions in this, and adjacent, river valleys.
Floristic and phytosociological studies on comparable floodplain mires note the significance of management to the species richness (Wheeler 1980c; Wheeler & Giller 1982; Gryseels 1989a, b; George 1992) , but then the hydrology is poorly treated.
Plant species behaviour (with respect to groundwater regime) is compared for the Dijle valley, the Drentse A valley (in the northern part of The Netherlands) and the Peene valley (in eastern Germany) in Fig. 10 using data from Kotowski et al. (1998) . A comparison on the level of vegetation types is not possible, due to insufficiently detailed data.
There are 17 plant species in common for the three studied areas, all of them typical of fen meadows. The much wider ranges (mean ± σ) for the Dijle valley are Fig. 10 . Comparison of the range of occurrence of plant species to mean groundwater level and amplitude in the Dijle valley, and the valleys of the Drentse A (The Netherlands) and the Peene (Germany) (based on Kotowski et al. 1998) . The box-graphs represent the mean value ± one standard deviation.
striking. The range of the mean groundwater level is at least overlapping the ranges of the other two sites and almost always extending much further, except for Carex rostrata. The range of groundwater amplitude is two to three times larger in the Dijle study area and, moreover, there is no overlap with the two other areas, except for Galium palustre.
We see at least three main reasons for the differences in species behaviour: 1. There are climatic differences between the three areas. Depending on the author the three areas are placed in different climate zones (Dijle-Drente or Drente-Peene) (Roisin 1969) . The valleys of the rivers Dijle and Drentse A both lie in the Atlantic flora region whereas the Peene area is situated in the middle European flora region, although the list of plant species for the three areas is similar (Grootjans & ten Klooster 1980; Kleinke et al. 1974) . 2. The soils in the Dijle valley are silty and organic, with a higher capillarity as compared to the sandy and organic soils in the other areas. These two reasons involve species-species and species-environment interactions leading to different so called 'realized habitats ' (e.g. de Swart et al. 1992) . 3. Finally, the sampling method might be of major importance. Data gathering based on a limited number of subjectively chosen sample plots is common practice in vegetation studies and ecohydrology (Ertsen 1998; Austin 1987; Swan 1970) . This approach might lead to partial coverage of the species response range. In the grid approach that is applied here for the data sampling, at least some amount of subjectivity is avoided. A disadvantage is the costly and time-consuming aspect of this procedure.
